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Why Direct Photon-Tagged Jets?

* Jets
* Perturbatively calculable
* Excellent proxy for parent parton
kinematics
* Direct photons

* Preserves information about initial
hard scatterings

* Well-calibrated probe in heavy-ion
collisions
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Why Direct Photon-Tagged Jets?
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Two-Particle Correlations

* Measure spatial correlation between o a¢
high pr jet proxy and jet fragments H99er-particie=C\ -
ac\e assoc. particles

* Extract Y (x), per-trigger yield

\ PHYSICAL REVIEW C 78, 014901 (2008)
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Two-Particle Correlations

* Measure spatial correlation between o a¢
high pr jet proxy and jet fragments di | 99erparticigad N\
y wc\e assoc. particlées
. . -\
* Extract Y (x), per-trigger yield 2580 ¥
* For y#!" triggered correlations, near | PHYSICAL REVIEW C 78, 014901 (2008)
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Direct Photon Extraction
*Inp + p, d + Au: isolation cyriteria

— | — | T
m Buah ™\

Keep Reject

Requirement: E < (E,*0.1)
AR<RM
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Direct Photon Extraction
*Inp +p,d + Au:isolation criteria

— | — | T
m Buah ™\

Keep Reject

Requirement: E < (Ey *0.1) + (Epg)
AR<RM
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Statistical Subtraction
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Statistical Subtraction

&
 Measure inclusive y — h* <
. + =2 0.4
* Estimate decay y — h+ Z |
from % — h < I
=L
Z-H -
= 0.2-
= ¢

L L L L L L L
e Run 7 Aut+Au 200GeV 9-12 x 3-5 GeV/c -

Inclusive y-h PH ENIX
® Decay y-h Preliminary
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Statistical Subtraction

 Measure inclusive y — h*

* Estimate decay y — h*
from % — h
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y*" and m°— Hadron Correlations
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Broadening in p + p Collisions B+

* Dout = hadron momentum PHENIX — 1805.02450

transverse to jet axis o peevia

dir «. , , _ PHENIX V45 j
o ¥ trigger constrains kinematics T3 o+p 5=200 GeV ® O 57(d0) -
. . . S8 1ok 0.1<xg<0.5 ro o)
* Broadening seen in baselinep +p ¢ 0 912 (x10%) 3
measurements 107 RN
(b) RL o+ k2 PT . e E
. 5
\A¢ E
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ASSOC | s _ Pt >

Pout = [p77°°CIsinA¢p  xp = — [—=--| cosA¢
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Broadening in p + p Collisions B+

e Larger Gaussian widths with
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Quantifying Jet Modification in A + A Collisions

* Jetsin A + A collisions are modified relative to p + p baseline

e Shape + Yield
. L Yia(x) Dyy(x)
* Yield modification: Iy = ~
YVop(x)  Dpp(x)

* Y — conditional yield of hadrons

e x = fragmentation variable (z}, &) or PiTl

ZT=_¥ §=ln(i)

ZT

Heavy lon Collision
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Per-Trigger Yield Moditication HENIX - 200514270
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Per-Trigger Yield Modification w

* No trigger flavor dependence of I44 : 45'  Away-Side ‘A'u+'Alj 200 GeV (0-12%) |
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))
Probing Jet Modification in Small Systems d@
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£ D
Angular Dependence of 1,4 Q@

* [,4 measured with different integration windows

PHENIX —2005.14270
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Angular Dependence of 144

* [,4 measured with different integration windows
 Least enhancement for narrow integration range

£ D

|Ap — | < 1/6, PHENIX — 2005.14270
Ozf T 16<t<2 25/770-40% Au + Au @ [s=200 GeV 5<p| <7 GeV/c x 0.5 <p! <7 GeV/c
20 2 ' -
3 5 <p’ <9 GeV/c (2007+2010+2011) ‘ ] :=A¢-n| <%
0.15F T 15 . . Ap -l <
- < |
S od ¢ = H " HAQ -l <0/6
T 0.05F - Tl LION
~ " fe®e 8 é $ O of M (a) PHENIX
g % 0 0.5 1 15 2 25 &
~—0.05
“0.1F

6/30/22

Anthony Hodges UIUC




£ D
Angular Dependence of 1,4 Q\{@

* [,4 measured with different integration windows
* Biggest enhancement for largest integration range
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A Look at Structure with 2PC, % — h*
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A Look at Structure with 2PC, 7% — h*
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A Look at Structure with 2PC, i? - hJ—r

*Dpg =Ygu — Yy

* Dys < 0 — Suppression for high
associate hadrons

* Suppression most severe near jet
core
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A Look at Structure with 2PC, Y - hJ—r
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A Look at Structure with ZPC TL'

* Dypg =Yy —

YPP

* Dys > 0 — Enhancement of low pr
associate hadrons

* Enhancement seen at wide angles
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A Look at Structure with 2PC, y#" — h*
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: dir +

A Look at Structure with 2PC, y**" — h*
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A Look at Structure with 2PC, y#" — h*
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Preliminary Jet Measurements from STAR

* Li4(p7) similar for % and y4¥" triggered correlations
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R=0.2 11 <E; <15 GeV

= nt0+jet v, et -

-
-
o -4
ol -
o I . N

||
1

15 < E,° < 20 GeV

T TTTTI
NI

=~ STAR Preliminary =

’—lllllllllllllllllllll:

5 10 15 20 25

ch
pT'jet [GeV/c]

6/30/22

R=0.5 11 <E° < 15 GeV

4
- e
- <
- 4
- e
-
-

Elllllllllllllll[llllls}.
15 < E;° < 20 GeV
- Au+Au \ISNN = 200 GeV, 0-15%, anti-kT__
’:'l L1 1 1 l Ll 11 l | I l ) I IE
5 10 15 20 25
ch
pT'jet [GeV/c]

Anthony Hodges UIUC



The Story So Far

* Highly differential results can help probe fundamental QCD 0 0
phenomena

* I,4 ind + Au collisions shows no significant modification .
u

o [, from ¥y and °%-triggered correlations show enhancement of
soft particles stemming from partonic energy loss

 Soft particles appear at wide angles relative to away-side peak Au Au
* No measurable difference between 1, 4’s of different trigger types
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The (Very Near!) Future: sPHENIX

* Next generation jet and
upsilon detector at
RHIC

* Jet measurements up
to 70 GeV

* Direct photons up to 40
GeV

* First data taking run
February 2023!
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The sPHENIX Run Plar

Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks z| <10 cm 1z| <10 cm
2023 | Au+Au | 200 | 24 (28) 9 (13) 3.7 (5.7)nb~1 45 (6.9)nb~1

2024 | pTp! 200 | 24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45 (62) pb~!

4.5 (6.2) pb~! [10%-str]

2024 | pT+Au | 200 - 5 0.003 pb~! [5 kHz] 0.11 pb~1

0.01 pb~! [10%-str]

2025 | Au+Au | 200 |24 (28) | 20.5 (24.5) 13 (15) nb~1 21 (25) nb~!
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Photon Jet Measurements at SPHENIX

* Highly precise measurement of x;,, 5 AT
o - SPHENIX BUP 2022 ]
* X ]et/p 2 3'5? JEWEL 2.2.0, T =260 MeV E
)/ r = 3 Years 1-3, p > 30 GeV _f
e Statistics across all three years will O 2§ pg samp. po 010% :
. . . O e nb™ samp. Au+Au (0-10% —]
allow for highly differential i: + -
measurements : :
1.5 ———— -
IRt R
= —— —— .
05E —+- +
0”.;'.}-#-—1—'!'—1.1”11,1,[_?_1%

0 0.2 0.4 0.6 0.8 1 1.2 14

Photon+Jet x &
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Recent ATLAS Results

« vy tagged jet R, 4 less
suppressed then inclusive

— quark/gluon color charge

6/30/22
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Photon Jet Measurements at SPHENIX

* SPHENIX kinematics will offer complimentarity to LHC measurements

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb
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Summary and Outlook

* RHIC has a rich history of direct photon-tagged jet measurements
from PHENIX and STAR

* STAR undergoing forward upgrade and has remaining datasets left to
extract measurements

* Though PHENIX accomplished its data taking mission in 2016, it, too,
still has promising measurements waiting in its 2014 and 2016
200GeV Au+Au datasets

* SPHENIX, a new jet detector at RHIC, will begin taking data in less
than 1 year, promising precision photon-jet measurements
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Back-up



The Relativistic Heavy-lon Collider

RHIC energies, species combinations and luminosities (Run-1 to 22)
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Direct Photon Extraction — STAR
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* Transverse Shower Profile (TSP): 2
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y " and - Hadron Correlations

Increasing piadron ' +
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d + Au y*" — h* Correlation Functions
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Y4 — Jet Measurements

* JETSCAPE — captures pr dependence
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Yy — Jet Measurements
* SCET, LBT, and Jet-fluid also show consistent p; dependent

* Overall suppression magnitude remains elusive
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